The aim of this study was to present a possible carrier for MTA, monoolein gel, with the objective to maintain this material in the place that was inserted and verify if this procedure is able to optimize its action. The data were evaluated by histomorphometric method and submitted to statistical analysis. The histological responses observed in this study indicate that the MTA is a reliable material and should be considered effective in bone periapical defects and the monoolein gel was capable to maintain the MTA in situ. 790 content and temperature may form several phases, including reverse cubic and hexagonal ones. The reverse cubic phase of monoolein and water is formed at room temperature, and has been shown to accommodate and sustain the release of drugs with various physicochemical properties, including proteins and peptides (Lee & Kellaway 2000 a, b; Lara et al., 2005 and Turchiello et al., 2003) .
INTRODUCTION
In some cases, root perforations can result from resorptions and carious lesions. However, this incident usually occurs during endodontic treatment and preparations for a post (Alhadainy 1994) . The prognosis of a root perforation depends on its size and location, the length of time the defect has been open to the environment before sealing and the amount of periodontal irritation. The shorter the time lapse, the smaller the size and the more apical the perforation, the greater is the chance for successful treatment (Bogaerts, 1997) .
In addition to the correct treatment regimen, the properties of the repair material are important. The ideal material should be able to seal the defect and should have excellent biocompatibility. Furthermore, induction of osteogenesis and cementogenesis, ease of handling and a low product price are advantageous (Hartwell & England, 1993 ).
Since 1998, mineral trioxide aggregate (MTA) has been available. This product is indicated for the reparation of various root defects, apexification and direct pulp capping. Several in vitro and in vivo experiments have shown that MTA prevents leakage, is biocompatible and promotes regeneration of the original tissues when placed in contact with dental pulp or periradicular periodontium (Holland et al., 2001; Pitt Ford et al., 1996; Torabinejad & Chivian, 1999) .
MTA is a powder aggregate, containing mineral oxides (Lee et al., 1993) . Besides its noncytotoxicity (Osorio et al., 1998) , it has good biological action (Torabinejad et al., 1995c (Torabinejad et al., , d, 1998 and stimulates repair (Regan et al., 2002; Economides et al., 2003) , because it allows cellular adhesion, growth and proliferation on its surface (Zhu et al., 2000) . MTA consistently allows for the overgrowth of cementum, and it may facilitate the regeneration of the periodontal ligament and formation of bone (Al-Rabeah et al., 2006; Oviir et al., 2006; Schwartz et al., 1999) . When used in dogs' teeth with incomplete root formation and contaminated canals, MTA often induced the formation of apical barrier with hard tissue (Tittle et al., 1996; Shabahang et al., 1999) . A carrier to maintain the MTA in situ may be interesting, permitting this material acting for more time.
In this way , it was choose the monoolein gel, a biodegradable polar lipid has no marked toxic effects (Ganem-Quintanar et al., 2000) and depending on water content and temperature may form several phases, including reverse cubic and hexagonal ones. The reverse cubic phase of monoolein and water is formed at room temperature, and has been shown to accommodate and sustain the release of drugs with various physicochemical properties, including proteins and peptides (Lee & Kellaway 2000 a, b; Lara et al., 2005 and Turchiello et al., 2003) .
The aim of this study was to present a possible carrier for MTA, monoolein gel, with the objective to maintain this material in the place that was inserted and verify if this procedure is able to optimize its action.
MATERIAL AND METHOD
This study followed the requirements of the Ethics Committee on the Use of Animals in Experimentation at the University of São Paulo, Brazil.
Substances. The MT A was obtained by Angelus, Indústria de Produtos Odontológicos Ltda, Brasil and mixture in the proportion MTA:water (1g:3mL distilled water). Monoolein 98 .1% monoglycerides, Naarden, The Netherlands) gel was obtained in a 7:3 (Monoolein:Water) proportion as described before (Lara et al., 2005) . Briefly, monoolein was weighed and heated to 45ºC. Water in the same temperature was added and the mixture was left to rest until it became a transparent and viscous mass. MTA in water solution (1mg/mL) was added and the mixture homogenized.
Animals. Twenty male Wistar rats (n=20), 350g, were selected and allowed to acclimatize for one week prior to surgery. The animals were fed with commercial rat chow and had access to food and water ad libitum. After randomly dividing the animals into four equal groups, a circular bone defect (2.5mm of diameter) was created in the distal root of the first molar on the right hemi-mandible (Fig. 1A ) of each one and filled with: animal´s coagulum (Group I, n=5), monoolein gel (Group II, n=5), MTA in aqueous solution (Group III, n=5), MTA combined with monoolein gel as a carrier (Group IV, n=5).
Surgical procedure. The rats were anaesthetized with standard anesthetic cocktail consisting of ketamine hydrochloride (60mg/Kg) and xylazine (5mg/Kg), administered intraperitoneally. Surgery was performed using aseptic techniques. A linear incision was made through the skin, subcutaneous tissues and masseter muscle, parallel to the inferior border of the mandible. The buccal surface of the mandible was exposed and a 2.5mm circular bone defect was created in the distal root of the first molar on the right hemimandible. This bone defect was performed using a high-speed drill, adjusted to 3000rpm, and abundant irrigation.
Sacrifice and animals´ perfusion. After ten days, the animals were anaesthetized with urethane 37.5% (0.4mL/ 100g) and submitted to perfusion. This procedure involves an intracardiac infusion of saline solution (100mL) followed by 10% formalin and paraformaldehyde 4% in phosphate buffer 0.2M (100mL). The hemi-mandibles were removed for histological processing.
Histological processing and histomorphometric analysis.
The hemi-mandibular blocks were immersed in 4% paraformaldehyde/0.1M phosphate-buffer solution for 24h, decalcified in 5% EDTA-TRIS for 30 days and neutralized by a 5% sodium sulphate solution. After imbedded in paraffin, the specimens were cut into 6µm thick sections following the saggital plane and stained with HematoxylinEosin and Trichrome-Masson. The histological sections of the circular bone defect were observed through a grid containing 100 equidistant points (Fig. 1B) , adapted to the eyepiece of a light microscope (Leica DMRB, Germany) connected to a digital camera (Olympus DP11, USA), to measure the percentage of components of the new tissue by a differential point-counting method (Weibel et al. 1966) . Two thousand points in ten fields lying onconnective tissue and bone trabeculae were counted per animal considering the bone defect area.
Statistical analysis. Data analysis for new bone formation was performed by GLM ANOVA with Tukey test, with 95% of significance level.
RESULTS

Clinical findings.
One animal belonged to the group MTA+monoolein gel, exhibited a slight swelling and inflammatory response, which was considered to be postoperative infection (Fig. 1C, 1D ). Other animals showed uneventful healing.
Histological observations. The histological data obtained are shown in Table I . We can observe that there was found more new bone formation in both groups that the MTA was applied, without statistical difference between them (p>0.05) and more newly formed bone in the group that the MTA was combined with monoolein gel as a carrier. These groups presented statistical difference ( Fig. 2A and 2B ) in relation to the other two groups, bone defect filled by animalsć oagulum and monoolein gel ( Fig. 2C and 2D) , where it was found a little quantity of newly formed bone (p<0.05).
DISCUSSION
The objective of this study was to present a possible carrier for MTA, monoolein gel, with the objective to maintain this material in the place that was inserted and verify if this procedure is able to optimize its action.
In this study, it was made a circular defect in the distal region of the molar tooth, simulating a defect lesion provoked by microorganisms after periradicular contamination. Exposure of the periradicular tissues to microorganisms results in the development of a periradicular lesion, thus, the goal of a root-end resection, preparation, and filling is to eliminate exposure of the periradicular tissues to the microorganisms in the root canal space. If the root-end preparation is inadequately prepared and sealed, failure will result. The Wistar rat experimental model used in this study has several advantages such as allowing a rapid healing period, animals easily lodged and fed, resistance to climatic variations, low cost, besides being routinely used in other experimental conditions involving bone reconstruction. Osteogenesis occurred in the groups that the MTA was applied, which it is according to Moretton et al., 2000. With intra-osseous implantation, the tissue reactions to the material subsided with time over a period of 12 weeks (Sousa et al., 2004) . MTA (ProRoot) implantation in the mandible of guinea pigs resulted in bone healing and minimal inflammatory reactions (Saidon et al., 2003) . The tissue reaction to MTA implantation was the most favorable reaction observed in both tibia and mandible of test animals, as in every specimen, it was free of inflammation. In the tibia, MTA was the material most often observed with direct bone apposition (Torabinejad et al., 1995c . In another study MTA was shown to be biocompatible and did not produce any adverse effect on microcirculation of the connective tissue (Masuda et al., 2005) .
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MTA is a powder that consists of fine hydrophilic particles that set in the presence of moisture. Hydration of the powder results in a colloidal gel with a pH of 12.5 that solidifies to a hard structure. The setting time for the cement is near from 4 h (Torabinejad et al., 1995c) . Because of the slow setting time, the initial looseness of the MTA after mixing can make the material difficult to manage as a root-end filling material. Carrier-type devices are most often used for delivery of the MTA, but when the access or root-end preparation is small, the carrier-type devices can also be difficult to use. The MTA pellet forming and delivery technique overcome these difficulties. In this study, the MTA was handled and inserted quickly, isolately or combined with monoolein gel, in the bone defects. When using this technique, the MTA pellets should be placed as fast as possible into the root-end preparation because the small pellets will quickly dehydrate. When the MTA mixture is dry, it becomes crumbly and unmanageable.
Monoolein, a biodegradable polar lipid has no marked toxic effects (Ganem-Quintanar et al.) and depending on water content and temperature may form several phases, including reverse cubic and hexagonal ones. The reverse cubic phase of monoolein and water is formed at room temperature, and has been shown to accommodate and sustain the release of drugs with various physicochemical properties, including proteins and peptides (Lee & Kellaway 2000 a, b; Lara et al. and Turchiello et al.) . Thus, it becomes interesting to use this monoolein gel as a carrier for MTA. Besides all these considerations, monoolein gel has physical and chemical properties such as consistency, viscosity, biocompatibility to neighboring tissues, allowing MTA to remain in situ and to adhere to the bone defect walls. Furthermore, this gel is of low cost and easily synthesized from carbohydrates and fats (Nylander et al., 1996; Geraghty et al., 1997; Lee & Kellaway, 2000b; Shah et al., 2001; Lee et al., 2005 and Boyd et al., 2006) .
It was possible to observe deposition of calcified tissue over the MTA for specimens from the experimental groups, groups in that MTA was applied. This tissue was formed over and was continuous with the previous cementum, similar to that reported by Torabinejad et al. (1995a) and Pitt Ford et al. (1995a) . The absence of inflammation in the majority of the specimens of the groups that MTA was applied confirms that this material is well tolerated and corroborates the findings of other authors after using MTA in bone tissue , for root canal filling (Holland et al., 1999b) , and for the sealing of contaminated root perforations (Pitt Ford et al., 1995a) .
In one of the animals that was applied MTA combined with monoolein gel, it was observed an inflammatory response. This process was mainly in the proliferative phase, and it was possible to observe different amounts of mononuclear cells (lymphocytes, plasmocytes and macrographs), which permitted subjective classification of the severity of the reaction present. Regardless of the presence and severity of the inflammatory reaction, the apical barrier in the distal root of the molar was formed in this subject. The cellular response to MTA and mechanism of deposition for barrier formation are unknown and need further investigation. It is believed that the deposition of hard tissue over the material is related to features such as good sealing ability, biocompatibility, and alkaline pH (Torabinejad et al., 1995b (Torabinejad et al., , 1997 ; the presence of calcium and phosphate ions in its formulation (Torabinejad et al., 1995b) ; the capacity to attract blastic cells and to promote a favourable environment for cementum formation (Pitt Ford et al., 1995a , Torabinejad et al., 1995a ; osseous and cementum conductive effect (Shabahang et al.; Moretton et al.) ; the stimulus to adhesion and cell proliferation (Koh et al., 1998) , stimulus to expression of alkaline phosphatase by fibroblasts (Bonson et al., 2004) and osteocalcin and other interleukins by osteoblasts (Koh et al., 1997 , Mitchell et al., 1999 . It must be pointed out that bone resorption seen in animals was characterized by the presence of clastic cells. These observations, along with the presence of reparative cementum over the previously resorbed surfaces, indicate the evolution of the repair process.
The histological responses observed in this study indicate that the MTA is a reliable material and should be considered effective in bone periapical defects. Monoolein gel was capable to maintain the MTA in situ.
